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Smooth Bore/Twist Bore Fuzing

First environment
—Setback is arobust first environment for both artillery and mortar rounds.

—Mortar rounds have lower setback magnitudes than artillery rounds but are sufficient to
distinguish from non-launch induced environments.

*Second environments

—Artillery rounds historically employ spin which is arobust second environment sufficient
to distinguish from non-launch induced environments.

—Spin cannot be used for smooth bore mortars
«Second environments have historically separated mortar/artillery fuzing
—Artillery utilizes mechanically sensed spin and reserve power sources

—Mortars often utilize air driven turbines to sense air flow and generate power
*Turbines must be in the air stream resulting in range reduction/environmental concerns

ETFM employs electrically sensed muzzle exit
for a second environment allowing a sealed fuze

2 ATK
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2ND Environment Sensor Design Selection

Relative ranking depicted: (-) = least, (0) = nominal, (+) = best

Sensor Unit Product | Environmental Hardware Interference Technical
Candidate Cost Reliability Complexity Susceptibility Risk
Pressure — 0 — 0 0
Electrostatic + 0 0 0 0
Magnetic * aH i aH 0 0
Infra-Red 0 — 0 0 —
RF 0 + — 0 0
Bore Rider 0 — — + —

Magnetic sensor selected for best overall attributes
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ETFM 2ND Environment Sensor Overview

 Traditional Mortar Fuzes:
— “Air breathing” (turbine)

 Exposed /susceptible to environmental conditions
* Reduces maximum range

— “Pull wire” (lanyard)

e Do not meet Mil-Std-1316

« ETFM 2" Environment Sensor senses tube magnetic signatures

Passive sensor

Detects tube magnetic permanent moment changes and tube exit
event

Sensor output is rate (velocity) sensitive
Single sensor assembly used for Inductive Setting and Tube Sensing
Used in spinning and non-spinning (smooth bore) rounds

Sensor is a sealed assembly and is not susceptible to environmental
exposure or create increased drag
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Sensor Development Activities

o Collected tube static measurement data on a sampling of 60mm,
81mm, and 120mm mortar tubes at Aberdeen Proving Grounds.
Sampling included new tubes and used tubes at various tube
elevations and compass directions.

o Static data is input to a sensor circuit simulation model for
design analysis

 Collected tube dynamic (ballistic) measurement data on a
sampling of 60mm, 81mm, and 120mm mortar tubes at APG at
all charge conditions (ambient temp). Data collected using on-
board-recorders included:

 Magnetic sensor output
o Setback sensor output
 Accelerometer (4 rounds)

 Dynamic data is input to the sensor model for design analysis
and algorithm development
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Sensor Static Data Analysis Modeling

Static magnetic data is converted to velocity dependent voltage model for circuit simulation

dH dH to ckt.
HO) 1 o X g E® 1 mode
Field Data: Model —
(On-axis Calculation I I E(t) = KdH/dt
Gauss/Oersted
versus muzzle 0 )%
coordinate & dt (v=x/1) K
compass & elevation)
Parameter Inductive Set
Input Coil Sensitivity
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o 2ND Environment Sensor Architecture
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HIGH PASS
LOW NOISE LOW PASS
FILTER M o I Eer » FOV O ——> 8BIT A/D
MAGNETIC INDUCTIVE

HIGH LEVEL | SENSE PATH SETPATH  |ouLL WAVE INDUCTIVE

SENSOR SET READ/
CLAMPING 14 ASSEMBLY M BRIDGE ™ 15|k BACK/
NETWORK RECTIFIER ORI
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= Sensor Signal Processing Path

MAGNETIC im[ﬁﬁ;s AID
SENSOR > 2 » CONVERTER
ND
(27 ENV) GAIN STAGE
>
SSEET|\?£5F:< | UP — DOWN o] TIMING& | COMMAND |
(15T ENV) | INTEGRATOR THRESHOLD | ARM |

Dual Micro-controller Processing Architecture

___________________________________________________________________________________
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@ Sensor Waveform Processing Example

* Chtes” (120mm Mortar Tube)

Arpllice ()

R

2"d Environment Magnetic Sensor

(Pre-Processed Waveform)

1st Environment Setback Sensor

2"d Environment Magnetic Sensor
(Post-Processed Waveform)

(Filtered and Integrated)
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B L4 2"d Environment Sensor Summary
Completed:

« Static Tube Characterization Tests Performed (60, 81, 120mm)

e Limited Dynamic Environment Tube Measurements Conducted (20 tests on
selected 60, 81, and 120mm mortar tubes at all charge conditions (ambient
temp). Data collected included magnetic sensor, setback sensor, and

round acceleration (selected sampling).
« Sensor data reduction and analysis conducted
e Sensor algorithm design

Planned for 2" Quarter 2002:
* Algorithm implementation and dynamic Re-test planned

« Design Validation
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